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[Japanese text, sheet 303 (1), Specification, column I] 

SPECIFICATION 

1. TITLE OF INVENTION 

An Optical Waveguide Device 

2. CLAIMS 

(1) An optical waveguide device characterized in that a Group II- VI cubic system 
compound thin film is formed on an^ ABO3 perovskitic (where A is one [species] selected 
from among the group [consisting of] Ba, Sr, and Pb; and B is one [species] selected 
from among the group [consisting of] Ti, Ta, Zr, Fe, Sn and C[iUeg.]) oxide substrate, 
[this thin film] having a higher optical refractive index than that of the aforesaid substrate 
and an optical waveguide being formed at a prescribed location on this thin film. 

(2) An optical waveguide device according to claim 1 characterized in that a 
tetragonal crystal of the aforesaid ABO3 perovskitic [material] is used as the aforesaid 



Here and below, as legibility of Japanese text is marginal subscripts and the like will be rendered as they 
appear when they can be read with reasonable confidence and will be marked "[illeg.]" otherwise, but poor 
quality of even enlarged versions of images available from JPO website makes it difficult to rule out possibility 
that subscripts, etc, are incorrect as reproduced here. For definitive determination of such fine lettering and 
numbering, a copy of the Japanese text which is better than that available from the JPO website should be 
consulted. —Tr. 
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substrate, and a (100) face^ of the aforesaid compound semiconductor is epitaxially 
grown over a (001) face thereof 

(3) An optical waveguide device according to claim 1 characterized in that a cubic 
crystal of ABO3 perovskitic [material] is used as the aforesaid substrate, and a (100) face 
of the aforesaid compound semiconductor is epitaxially grown [Japanese text, sheet 303 
(I), Specification, column 2] over a (100) face thereof 

(4) An optical waveguide device according to claim 1 characterized in that the 
aforesaid compound semiconductor comprises ZnSe, ZnTe, ZnSe,.^Te^ (0 < x < 1), [and]"* 
ZnS. 

3. DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to an optical waveguide device in the context of an optical 
integrated circuit or the like, its object being to provide an optical waveguide device for guiding 
light waves wherein a ZnTe, ZnSe, or a mixed crystal thereof, or another such Group [illeg,]-Yl 
cubic system compound semiconductor thin film [forms] a heteroj unction over a substrate 
[comprising] monocrystalline oxide having a tetragonal or cubic structure [based on] an ABO3- 
type perovskitic [material] such as BaTiOj, for application in functional elements in a variety of 
optical integrated circuits. 



^ Here and below, crystal orientations are represented using ordinary rounded parentheses (), regardless of 
usage in the Japanese text, which appears to be inconsistent and is only marginally legible in any event. —Tr. 
Absence of a conjunction in the Japanese text makes it difficult to determine definitively whether species are 
listed in the alternative, but the absence of an alternative conjunction ("or*') would normally be taken to 
indicate that they are nol listed in the alternative (therefore implying "and"). —Tr 



— 3 — 




S52[J977]^88354(A) 



Conventional large-capacity optical communications systems, as they possess a variety of 
active and passive integrated optical circuit devices, have capabilities for guiding and carrying 
out processing of light waves carrying information. For this reason, research on various thin film 
optical waveguides and optical integrated circuits has recently been underway. Whether the 
aforesaid optical systems that have resulted from the research in this field to date will be 
successful is dependent upon development of thin film materials optimized for manufacture of 
devices having waveguide processing [capabilities] and possessing [Japanese text, sheet 304 (2), 
Specification, column 3] appropriate optical transmission properties. 

At present, optical waveguide losses for monocrystalline thin film materials are generally 
low and they can be easily and cheaply manufactured into [devices] having desired properties 
and dimensions, and with regard to fabrication of active elements as well, [materials] well suited 
therefor, such as, for example, LiNb03, GaAs - GaAlAs, and the various garnet monocrystalline 
thin films, are being researched, and thin film optical switches, modulators, lasers, and other such 
elements are being reported. However, despite such recent developmental research, there are very 
few monocrystalline materials suitable for optical thin film devices in terms of optical loss, 
modulation, and so forth. Accordingly, there is great demand for new monocrystalline materials 
suited to fabrication of the many varieties of active and passive elements for the aforesaid optical 
systems at the present time. 

It happens to be the case that Group II-VI compound semiconductors display large 
electro-optical effect, even as compared with other semiconductors, and there are reports of 
optical modulators employing monocrystalline ZnSe and ZnTe plates. However, an example of a 
monocrystalline thin film is not to be found [among the reported devices], the only examples 
which exist being those in which monocrystalline thin film(s) merely [form] a semiconductor 
heterojunction after the fashion of ZnTe - GaAs, and because the refi-active index of GaAs is 
larger than that of this ZnTe - GaAs, light cannot be effectively contained within ZnTe crystal 
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such as is suited for [use as] an optical element, and [the configuration] cannot [Japanese text, 
sheet 304 (2), Specification, column 4] be used as an optical waveguide device. 

The present invention therefore employs the aforesaid ZnSe, ZnTe, [or] other such Group 
II-VI compound thin film crystal and forms a monocrystalline thin film of this over a 
monocrystalline oxide substrate possessing an ABO3 perovskitic (where A is one [species] 
selected fi-om among the group [consisting of] K, Ba, Sr, and Pb; and B is one [species] selected 
from among the group [consisting of] Ti, Ta, Zr, Fe, Sa and C[/7/eg.]) tetragonal or cubic system 
structure and having a lower refi-active index than [the aforesaid compound thin film crystal], and 
forms an optical waveguide in the monocrystalline thin film so formed, to obtain excellent 
optical transmission characteristics. BaTiOj and other such perovskitic ABO3 crystals have been 
the subject of conventional research as ferroelectric materials, and in particular have found 
practical use as ceramics because of the fact that they are substances having high melting points. 

Crystallographic and optical properties of perovskitic ABO3 crystals and cubic system 
Group II-VI compoimd semiconductor crystals will first be shown in the following table. 

Remainder of [colunm] left intentionally blank 



[Japanese text, sheet 304 (2), Specification, column 5] 



Name of Substance 


Lattice Constant 


Melting Point 


Refractive Index 


Epitaxial Examples 


ZnTe 


6.10 A 


1240° C 


2.68 




ZnSe 


5.68 


1500 


2.43 




ZnS 


5.50 


1860 


2.47 




BaT[/7/eg.]03 


a = 3.994 A 
c = 4.038 


1618° C 


N. = 2.4 
N, = 2.35 


ZnSe 


SrTiOj 


a = 3.905 


-2000 


2.35 


ZnTe, ZnSe,., 
Te, ZnSe 


SrZrOj 


a = 4.099 


2640 




ZnTe, ZnSe 


PbTiO, 


a = 3.904 
0 = 4.152 






ZnSe 
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Ra7rO 


a *T. i 7Z 


ZOOO 




ZnSe, ZnTe 


SrSnOj 


a = 4.02 






ZnSe 


KTaOj 


a = 3.989 
c = 4.003 


1357 


2.21 


ZnSe 


BeSnOj 


a = 4.12 






ZnTe 



Turning now to the junction between the (100) face of the cubic system Group II- VI 
semiconductor crystal and the (001) face of the ABOj-type crystal, the approximate mismatch 
between the lattice constant of the AB03-type crystal and the lattice constant of the Group II- VI 
semiconductor crystal is not more than on the order of 10% as calculated from this table, which 
is well [within the range] permitting epitaxial growth, and epitaxial growth is carried out such 
that an angle of 45 ° is formed between the ABO3 <100> direction and the semiconductor crystal 
<100> direction, [Japanese text, sheet 304 (2), Specification, column 6\ as shown in FIG. 1. In 
terms of crystal structure, with an AB03-type tetragonal crystal substrate a satisfactory 
epitaxially grown thin film can be obtained with the (100) face of the monocrystalline Group II- 
VI semiconductor over the (001) face of this [AB03-type tetragonal] crystal. Furthermore, with 
an ABOj-type cubic crystal substrate, a most satisfactory epitaxially grown monocrystalline thin 
film can be obtained with the (100) face of that [ABOj-type cubic crystal substrate] and the (100) 
face of the semiconductor crystal. 

Furthermore, as the difference in coefficient of thermal expansion is such that [the 
difference in coefficient of thermal expansion] for Group II-VI semiconductor - ABO3 crystals is 
less than that for Si on sapphire, which is currently being epitaxial grown successfully, melt 
warpage upon cooling should be small. From comparison of the refractive indices in the above 
table, the refractive indices of Group II-VI semiconductors are higher than those of ABO3 
crystals, permitting construction of a high-grade optical waveguide device for guiding light 
waves when the semiconductor film has a thickness on an order that is more or less close to the 
wavelength of light propagating through the thin film in an inductive mode parallel to the plane 
of that [semiconductor film]. 
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It is sufficient in principle that the thin film used for the optical waveguide have a 
thickness on the order of the wavelength of the light propagating therethrough, and while the 
thickness of the thin film may be within [Japanese text, sheet 305 (3), Specification, column 7] 
the range 0.1 to 100 times the optical wavelength, the range 1 to 10 times the wavelength is 
satisfactory. Testing of the optical waveguide may be carried out using a well-known prismatic 
optical coupler and introducing laser light into the thin film as shown in FIG. 2. At FIG. 2, 1 is a 
substrate, 2 is an epitaxial thin film for optical waveguide use, 3 and 3' are prismatic optical 
coupler(s), and 4 is laser light. This method makes it possible to obtain a value for optical loss 
and to determine whether or not the thin film is acceptable. 

Working examples of the present invention in which Group II-VI semiconductor crystal 
thin films are obtained by epitaxial growth on the aforesaid perovskitic ABO3 crystals will now 
be described. 

( 1 ) Vapor Deposition of ZnSe on SrTi03 

Vapor deposition was carried out using the (100) face of SrTiOj as substrate and 
monocrystalline ZnSe as vapor deposition source. [Vapor deposition] was carried out at a 
vapor deposition temperature of 800 ° C to 1 000 ° C, with substrate temperature being 
varied fi-om 200° C to 600° C. A quite satisfactory epitaxial film could be obtained at 
substrate temperatures 400° C to 500° C, and optical waveguide testing also [indicated] 
that losses [of the epitaxial films produced in this temperature range] were low. 

(2) Growth of ZnSe on SrTi03 and SrZr03. 
[Japanese text, sheet 305 (3), Specification, column 8] 
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Vapor phase growth was carried out with a growth apparatus as shown in FIG. 3 using 
the (001) face of SrTiOj as substrate. [Growth] was carried out within a quartz tube 6 
within a furnace while holding the temperature of the Zn and Te source material 7, 8 
[illeg.] constant at 490° C, the amounts of Zn and Te supplied being such that^ the flow 
rate of gas was varied,^ a growth layer from several thousand A to as thick as 100 ^ 
was obtained when [growth] was carried out with a substrate 9 temperature of 720° C, a 
H2 primary [gas] flow rate of 200 cc/min, and Zn and Te carrier gas flow rate(s) of 50 
cc/min. The growth layer was confirmed as being a monocrystalline thin film as a result 
of both x-ray and electron beam diffraction, a (100) face of ZnTe was [observed] to have 
been grown on a (001) face SrTiOj crystal, and optical waveguide testing was also 
satisfactory. Furthermore, when ZnTe was epitaxially [grown] on SrZrOj, crystallinity of 
the SrZrOj base was somewhat poor, and while losses during optical waveguide testing 
were large as compared with those above, an epitaxially grown thin film could be 
obtained. 



(3) Vapor Deposition of ZnSej.^Te^ (0 < x < 1) on SxTxOy 



Vapor deposition was carried out using the (100) face of SrTiOj as substrate and 
ZnSco sTco 5 as vapor deposition materials. Conditions were more or less identical to those 
at Working Example (1), and the film obtained [showed signs of] localized [Japanese 
text, sheet 305 (3), Specification, column 9] monocrystal formation, with slightly larger 
values being obtained for loss than at (1) during optical waveguide testing. Equivalent 



^ Apparent significant typographical error at this location makes the intended meaning of the Japanese text 
unclear, — Tr. 

^ Comma at this location in Japanese text should probably be a period, — Tr 
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values are^ obtained for the range of x as values [obtained] with* ZnSe,.xTe^ mixed 
monocrystal fabrication examples. 

The present invention can be applied not only to the epitaxial methods of the above 
working examples, but also where liquid phase, vapor phase, molecular beam epitaxy, vacuum 
vapor deposition methods, or the like are [employed] as epitaxial method. 

The optical waveguide device of the present invention may be [used] to construct an 
optical modulator or optical switch exploiting characteristics possessed by Group II-VI 
compound semiconductors, i.e. [their] universally well-known electro-optical efifect(s), as shown 
in FIGS. 4 and 5, or a photodetector exploiting photoconduction, as shown in FIGS. 6 and 7, or 
the like. 

At FIGS. 4 and 5, 9 is a monocrystalline perovskitic ABO3 substrate; 10 is a Group II- VI 
monocrystalline semiconductor thin film grown on substrate 9; 1 1 and 12 are optical waveguides 
formed by diffusion of impurities in this . thin film;^ 13, 14, and 15 are electrodes; optical 
modulator(s) shown in FIGS. 4 and 5 being constituted by application of a voltage to this 
electrode 14 from a power supply 16; thin films 1 1 and 12 forming [Japanese text, sheet 305 (3), 
Specification, column 10] directional optical coupler(s). That is, light 17 incident on waveguide 
1 1 is modulated by the voltage applied to the electrode and is output fi-om waveguide 12. 



' Change in tense as in Japanese text — Tr. 

* Stricken minus sign at this location in Japanese text not reproduced here (stricken material being simply 
omitted here instead) because small font of subscript and identical directions of minus sign and strikethrough 
symbol would make for difficult legibility. Refer to Japanese text for pre-stricken content. —Tr. 

^ Minor typographical error in Japanese text at this location (missing comma). —Tr. 
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At FIGS. 6 and 7, 9, 10, and 1 1 indicate [elements] identical to those shown in FIGS. 4 
and 5, a Schottky-barrier-type photodiode region being constituted by thin film 1 1 and electrodes 
20 and 21 . 22 and 23 are lead traces. This device detects light passing through thin film 1 1 at the 
aforesaid photodiode region. 

As [described] above, the present invention makes it possible to form a Group II-VI 
compound semiconductor thin film on a perovskitic ABO3 crystal insulator substrate, permitting 
fabrication of an optical waveguide device for guiding light waves and permitting [achievement 
of] a monocrystalline thin film of satisfactory crystallinity having few defects due to substrate 
selection or solid solution, therefore making it possible for a satisfactory thin film optical 
waveguide device to be obtained. That is, fabrication of optical modulators and optical switches 
is made possible as a resuh of the large electro-optical effect of Group II-VI crystals, and 
moreover, Schottky-barrier-type optical detectors and heteroj unction-type photodiodes can be 
[integrated] on the same substrate, providing a valuable device [for use] as a signal processing 
component for [Japanese text, sheet 306 (4), Specification, column 11] optical communication. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a drawing [showing] the orientational relationship at the epitaxial junction 
between an ABOj-type crystal and a semiconductor layer, FIG.2 is a sectional drawing [showing] 
the structure of a prismatic optical coupler for optical waveguide testing, FIG. 3 is a schematic 
diagram [showing] the constitution of a vapor phase growth apparatus used in a working example 
or the present invention, FIG. 4 is a plan view of an optical modulator wherein the present 
invention is applied, FIG. 5 is a sectional drawing along section III - IIF in FIG. 3,*° FIG. 6 is a 



"FIG. 3" in Japanese text is probably a typographical error intended to have been "FIG. 4." — Tr. 
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sectional drawing [showing] the principal components of a photodetector wherein the present 
invention is likewise applied, and FIG. 7 is a sectional drawing along section V - V in FIG. 6. 



9 monocrystalline perovskitic ABOj substrate; 10, 1 1 Group II-VI 

monocrystalline compound semiconductor thin film. 

Name of agent: Toshio NAKAO, Patent Attorney, and one other 
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FIG. 1 



S 1 B 




[left] <0 1 0> Semiconductor 

[center] Semiconductor ( 1 00) 

[right] < 1 00> Semiconductor 
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FIG. 5 



FIG. 6 
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